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The temperature dependence of magnetic anisotropy was investigated for c-plane-oriented MnSb
sputtered films. The main results were as follows: ~1! A MnSb phase with low Mn contents between
50.1 at. % and 50.8 at. % was formed in c-plane-oriented MnSb films. ~2! It was clarified that the
perpendicular magnetic anisotropy, which originated from uniaxial magnetocrystalline anisotropy of
NiAs-type hexagonal structure, changed from a negative value of 23.993106 erg/cm3 at room
temperature to a positive value of 3.733105 erg/cm3 at 300 °C. The perpendicular magnetic
anisotropy crossed 0 erg/cm3 at about 270 °C. ~3! The formation of the MnSb phase with Mn content
of about 51.5 at. % was necessary to reduce the transition temperature, where the MnSb film
changed its easy axis from the film plane to the film normal direction, to 150–200 °C. © 2002
American Institute of Physics. @DOI: 10.1063/1.1452223#I. INTRODUCTION
A large MO effect at around 500 nm and change in easy
magnetization direction at around 100 °C are essential re-
quirements for a readout layer material of MO recording me-
dia using the magnetic super resolution ~MSR! technique.1
Mn ~50 at. %! Sb ~44 at. %! Pt ~6 at. %! ~MnSbPt! films,
which consist of a MnSb phase with the NiAs prototype
structure and PtMnSb phase with the C1b type structure, are
expected as one of a candidate for a readout layer material of
MSR-MO media, due to its large MO effect in the wave-
length range from 500 nm to 530 nm.2,3 However, the tem-
perature dependence of the magnetic anisotropy for MnSbPt
films has not yet been investigated. For the MnSb bulk speci-
men, which was the dominant phase in the MnSbPt films, the
sign of magnetocrystalline constant, Ku1 , changed from
negative to positive with rising temperature over 90 °C.4
Therefore, if the MnSb phase in the MnSbPt films was
c-plane-oriented, the magnetic anisotropy for MnSbPt films
would be able to change from the film plane to the film
normal direction with rising temperature due to the change in
uniaxial magnetocrystalline anisotropy of MnSb phase in the
film. In this paper, the temperature dependence of magnetic
anisotropy for the c-plane-oriented MnSb films was investi-
gated.
II. EXPERIMENTAL PROCEDURE
The MnSb thin films were fabricated using a MnSb alloy
target by dc sputtering method. The sputtering was per-
formed under Ar pressure of 1.3 Pa after the base pressure of
the vacuum chamber reached 2.731024 Pa. The substrate
was Si ~111! single crystal which was pre-cleaned by the
RCA method.5 The c-plane-oriented MnSb sputtered films
were prepared by a two-step process.6 At first the MnSi
buffer layer was grown epitaxially on the Si substrate at the
substrate temperature, Tsub.1 , of 250 °C, and then the MnSb
epitaxial layer was grown on the buffer layer at various sub-
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Downloaded 27 Oct 2008 to 130.34.135.83. Redistribution subject tostrate temperatures Tsub.2 between room temperature ~R.T.!
and 250 °C. The time to stabilize Tsub.2 was between 0.5 and
6 h. The bias voltage of the substrate, Vsub. , and the deposi-
tion rate were fixed at 240 V and 10 nm/min, respectively.
The crystal structure of the films was examined by con-
ventional x-ray diffraction ~XRD; u-2u scan! using Co Ka
radiation and by grazing incident angle XRD ~in-plane XRD;
2ux-f scan! using Cu Ka radiation. In the case of the in-
plane XRD measurement, the incident angle was fixed at
0.4°, which meant about 20 nm depth penetration of x-ray
from the incident surface. The magnetization curves were
measured by a vibrating sample magnetometer ~VSM!. The
perpendicular magnetic torque curves were measured at vari-
ous temperatures from R. T. to 350 °C. by means of a torque
magnetometer. The torque curves in various magnetic fields
up to 21 kOe were Fourier-analyzed. The saturate torque
coefficient of two-fold components, L2u
sat.
, was obtained by
extrapolating the two-fold coefficients vs 1/H curves to H
→‘ . By taking account of the self-energy caused by demag-
netizing field, L2u
sat. can be expressed with the experimentally
obtained total perpendicular magnetic anisotropy of the
whole film, Ku1 as
L2u
sat.5Ku122pM s
2
. ~1!
III. RESULTS AND DISCUSSIONS
A. Structure analysis
Figure 1 shows the conventional XRD profiles for MnSb
sputtered films fabricated on a MnSi buffer layer at various
Tsub.2 from R.T. to 250 °C. In the film fabricated at R.T., a
diffracted line from ~110! plane is observed at around 2u
551.3° and a diffracted line from ~002! plane can be slightly
diffracted at around 36.0°, which is a rare case for MnSb
films sputtered at R.T. with low Ar gas pressure. Above
Tsub.25150 °C, the diffracted lines at around 2u534.3°
from ~101! plane and at about 2u536.0° from ~002! plane
are dominantly observed instead of that from ~110! plane.
The intensity of the diffracted lines from ~002! plane in-0 © 2002 American Institute of Physics
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was found that the MnSb grains fabricated onto the MnSi
buffer layer with the thickness of 5 nm have satisfactory
c-plane-orientation at Tsub.2 between 150 °C and 230 °C. The
in-plane XRD measurements and the pole figures measure-
ments revealed that epitaxial growth were realized among
the MnSb grains with c-plane orientation, the MnSi buffer
layer with ~111! plane orientation and the Si ~111! substrate.
According to equilibrium phase diagram,7 a MnSb phase
with NiAs prototype structure can exist in the range of Mn
contents, x, from 51 at. % to 55 at. %. In this content region,
the lattice constants, a and c, are reported to satisfy Vegard’s
law.8 Figure 2 shows the changes in a and c for the MnSb
bulk specimen ~represented by lines! as a function of x. From
the bulk data, it is clarified that with increasing x, a increases
and c decreases, respectively. In the figure, a and c for the
thin films are also plotted and represented by circles and
triangles, respectively. a and c for the films were a
;0.413 nm and 0.578 nm<c<0.579 nm, respectively. It is
found that a and c for the thin films do not match those of the
bulk specimen. Therefore, to determine the constitution of
the MnSb phase for the present c-plane-oriented MnSb films,
a and c for the films were plotted in the extended x range
following Vegard’s law, respectively. It is found that by ap-
plying these results to the extended x range following Veg-
ard’s law, x of MnSb grains in the films are estimated experi-
mentally between 50.1 at. % and 50.8 at. %.
B. Temperature dependence of perpendicular
magnetic anisotropy
Figure 3 shows the perpendicular torque curves for
c-plane-oriented MnSb films measured at various tempera-
FIG. 1. Conventional XRD patterns for MnSb films on a MnSi buffer layer
fabricated by means of a two-step process as a function of T sub.2 , which is
the substrate temperature during fabrication of MnSb films.Downloaded 27 Oct 2008 to 130.34.135.83. Redistribution subject totures in a field of 21 kOe. Here, u50° refers to the direction
parallel to the film plane. With rising T, the amplitude of
torque curves decreases. In other words, the magnetic anisot-
ropy decreases with rising T. Note that the magnetic torque
curve measured at R.T. shows that the film has strong
FIG. 2. The changes in a and c as a function of Mn contents, x, for the
MnSb bulk specimen ~represented by lines, Ref. 8! and for the thin films
~represented by circles and triangles!.
FIG. 3. Perpendicular torque curves for c-plane-oriented MnSb films mea-
sured at various temperatures, T, in a field of 21 kOe. Here, u50° refers to
the direction parallel to the film plane. AIP license or copyright; see http://jap.aip.org/jap/copyright.jsp
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netization is not saturated in this applied field. Therefore, the
saturate torque coefficient of two-fold components, L2u
sat.
,
was obtained by extrapolating the two-fold coefficients vs
1/H curves to H→‘ .
The upper part of Fig. 4 shows the dependence of L2u
sat.
on measuring temperature, T. L2u
sat.
, which shows a negative
value of 23.993106 dyn cm/cm3 at R.T., increases gradu-
ally with rising T and takes a positive maximum at the value
of 3.733105 dyn cm/cm3 at 300 °C. With further rising of T,
L2u
sat. decreases and nearly equals 0 at 350 °C. Taking that the
experimentally obtained L2u
sat. is originated from the magnetic
anisotropy ~magnetocrystalline anisotropy and shape mag-
netic anisotropy! of the MnSb phase, the disappearance of
L2u
sat. between 300 °C and 350 °C corresponds to the Curie
temperature, Tc , of the MnSb phase. The change in sign of
L2u
sat. from negative to positive at about 270 °C indicates the
change in the easy direction of the magnetization of the film
from parallel to normal direction to the film plane.
FIG. 4. Changes in the saturate torque coefficient of two-fold components,
L2u
sat.
, ~the upper part! and the changes in the uniaxial magnetocrystalline
anisotropy, Ku1 , ~the lower part! as a function of T for the c-plane-oriented
MnSb film, respectively. In the lower part, the dependence of Ku1 on T for
the MnSb bulk specimens are also shown for comparison ~Ref. 4!.Downloaded 27 Oct 2008 to 130.34.135.83. Redistribution subject toThe lower part of Fig. 4 shows the changes in the
uniaxial magnetocrystalline anisotropy, Ku1 as a function of
T for the c-plane-oriented MnSb film. In this figure, the de-
pendence of Ku1 on T for the MnSb bulk specimens are also
shown for comparison.4 The Ku1 curve of the c-plane-
oriented MnSb film is located at the higher temperature side
compared with that of the bulk specimens. According to the
bulk specimens, the Ku1 curve is shifted to higher tempera-
ture side with decreasing x from 55.3 at. % to 51.4 at. %.
This fact suggests that x of the MnSb grains for the present
film is not more than 51.4 at. %, which is consistent with x
estimated from the lattice constants. Therefore, to reduce the
temperature up to 150–200 °C where the MnSb film changed
its easy axis direction from in film plane to film normal
direction, formation of the MnSb phase with Mn content of
about 51.5 at. % is necessary.
IV. CONCLUSION
The temperature dependence of magnetic anisotropy for
c-plane-oriented MnSb sputtered films was investigated. The
main results were as follows:
~1! The MnSb phase with low Mn contents between 50.1
at. % and 50.8 at. % was formed in c-plane-oriented
MnSb films.
~2! It was clarified that the perpendicular magnetic anisot-
ropy, which was originated from uniaxial magnetocrys-
talline anisotropy of NiAs-type hexagonal structure,
changed from a negative value of 23.993106 erg/cm3
at R.T. to a positive value of 3.733105 erg/cm3 at
300 °C. The perpendicular magnetic anisotropy crossed 0
erg/cm3 at about 270 °C.
~3! The formation of the MnSb phase with Mn content of
about 51.5 at. % was necessary to reduce the transition
temperature, where the MnSb film changed its easy axis
from the film plane to the film normal direction, to 150–
200 °C.
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